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Description 

The  present  invention  relates  to  a  hybrid-type  step- 
ping  motor,  and  more  specifically,  to  new  improvements 
in  the  hybrid-type  stepping  motor  in  which  the  winding  s 
and  placement  of  coils  are  facilitated  by  employing  a  so- 
lenoid-on-bobbin  winding  method  and  the  density  of 
coils  is  increased  to  provide  a  high  efficiency  and  low 
cost  design. 

In  the  hybrid-type  stepping  motor  conventionally  10 
used,  as  shown  in  FIG.  1,  a  rotor  yoke  9  as  an  outer 
rotor  is  rotatably  supported  by  a  stator  yoke  6,  and  a  coil 
is  wound  around  each  tooth  7  of  the  stator  yoke. 

FIG.  2  shows  the  structure,  disclosed  by  Nikkei  Me- 
chanical  published  August  13,  1984,  in  which  a  rotor  15 
yoke  9  is  rotatably  supported  between  an  inner  stator 
yoke  6A  and  an  outer  stator  6B  and  an  unshown  coil  is 
directly  wound  around  each  of  the  teeth  7  of  the  stator 
6A,  6B.  As  shown  in  FIG.  3,  a  rotary  shaft  1  is  rotatably 
supported  at  a  pair  of  bearings  2,  3  secured  on  both  20 
ends  of  a  casing  4.  A  generally  ring-shaped  stator  yoke 
6  having  a  stator  coil  5  is  mounted  on  the  inner  surface 
4a  of  the  stator  casing  4.  A  plurality  of  stator  teeth  7  are 
spaced  regular  intervals  apart  circumferentially  around 
the  inner  circumference  of  the  stator  yoke  6.  Disposed  25 
between  the  bearings  2,  3  are  ring-shaped  first  and  sec- 
ond  rotor  yokes  9,  10  which  are  arranged  in  a  unitary 
body  on  the  rotary  shaft  with  a  magnet  8  therebetween, 
and  the  rotor  yokes  9,  1  0  have  on  their  circumferences, 
a  plurality  of  rotor  teeth  9a,  10a,  and  the  rotor  yokes  9,  30 
10  alternate  with  each  other  in  polarity.  By  supplying  a 
driving  pulse  from  an  unshown  driving  circuit  to  the  sta- 
tor  coil  5,  the  rotor  yokes  9,  10  rotate  stepwise. 

The  prior  art  hybrid-type  stepping  motor  thus  con- 
structed  has  the  following  problems.  35 

In  the  hybrid-type  stepping  motor  having  the  rotor 
yokes  having  each  magnet  interposed  therebetween  as 
shown  in  FIG.  3,  the  stator  coil  wound  around  each  tooth 
of  the  stator  yoke  is  positioned  inside  the  casing,  and 
thus  coil  winding  to  each  tooth  is  difficult  and  increasing  40 
the  density  of  coil  is  difficult,  too.  In  the  structures  shown 
in  FIG.  1  and  FIG.  2,  the  coil  should  be  directly  wound 
around  each  tooth,  and  thus  the  same  above  problems 
arise. 

The  present  invention  has  been  developed  to  solve  45 
the  above  problems,  and  it  is  an  object  of  the  present 
invention  to  provide  a  high-efficiency  and  low-cost  step- 
ping  motor  in  which  the  winding  and  placement  of  coils 
are  facilitated  and  the  density  of  coils  is  increased. 

The  hybrid-type  stepping  motor  of  the  present  in-  so 
vention  comprises  a  bearing  mounted  on  a  fixed  shaft, 
a  barrel  rotor  rotatably  supported  by  the  bearing,  a  plu- 
rality  of  rotor  teeth  provided  on  the  outer  circumference 
and  inner  circumference  of  the  barrel  rotor,  first  and  sec- 
ond  inner  stator  yokes  arranged  side  by  side  in  the  di-  55 
rection  of  the  fixed  shaft  with  a  magnet  set  therebetween 
and  first  and  second  outer  stator  yokes  arranged  side 
by  side  in  the  direction  of  the  fixed  shaft  with  the  magnet 

set  therebetween,  a  plurality  of  stator  yoke  teeth,  first 
through  fourth  axially  centered  circular  coil  slots  facing 
the  barrel  rotor  and  formed  around  the  outer  circumfer- 
ences  of  the  inner  first  and  second  stator  yokes  and  the 
inner  circumferences  of  the  outer  first  and  second  stator 
yokes,  and  first  through  fourth  coils  wound  in  a  solenoid- 
on-bobbin  fashion  and  seated  in  the  respective  coil 
slots,  whereby  the  stator  yokes  alternate  in  polarity  and 
the  barrel  rotor  is  interposed  between  the  coils. 

More  specifically,  the  magnet  set  comprises  a  first 
magnet  interposed  between  the  inner  stator  yokes  and 
a  second  magnet  interposed  between  the  outer  stator 
yokes. 

More  specifically,  the  magnet  set  comprises  a  first 
magnet  interposed  between  the  fixed  shaft  and  the  inner 
stator  yokes  and  a  second  magnet  interposed  between 
the  outer  stator  yokes  and  the  outer  wall  of  the  fixed 
shaft,  whereby  the  magnets  face  to  each  other  via  the 
barrel  rotor. 

FIG.  1  is  a  perspective  view  showing  the  prior  art 
motor. 

FIG.  2  is  a  plan  view  showing  the  prior  art  motor. 
FIG.  3  is  a  cross-sectional  view  showing  the  prior 

art  motor. 
FIG.  4  is  a  cross-sectional  view  showing  a  hybrid- 

type  stepping  motor  of  the  present  invention. 
FIG.  5  is  a  transverse  cross-sectional  view  of  the 

stepping  motor  of  FIG.  4. 
FIG.  6  is  an  explanatory  diagram  showing  the  flows 

of  the  magnetic  fluxes  generated  by  the  magnet  set. 
FIG.  7  is  an  explanatory  diagram  showing  the  flows 

of  the  magnetic  fluxes  generated  by  the  coils. 
FIG.  8  is  an  explanatory  diagram  showing  the  com- 

bined  fluxes  by  the  magnet  set  and  the  coils  with  cur- 
rents  flowing  therethrough,  and  the  rotation  of  the  rotor 
yoke. 

FIG.  9  is  a  cross-sectional  view  showing  another  ex- 
ample  of  the  stepping  motor  of  FIG.  4. 

FIG.  10  is  a  cross-sectional  view  showing  the  step- 
ping  motor  of  FIG.  9. 

FIG.  11  is  an  explanatory  diagram  showing  the  flows 
of  the  magnetic  fluxes  generated  by  the  magnet  set. 

FIG.  12  is  an  explanatory  diagram  showing  the 
flows  of  the  magnetic  fluxes  generated  by  the  coils. 

FIG.  1  3  is  an  explanatory  diagram  showing  the  step 
rotation  of  the  motor. 

FIG.  14  is  an  explanatory  diagram  showing  a  con- 
tinuation  of  the  step  rotation  of  the  motor  shown  in  FIG. 
13. 

FIG.  15  is  a  cross-sectional  view  showing  another 
example  of  the  stepping  motor. 

Referring  to  the  drawings,  preferred  embodiments 
of  the  hybrid-type  stepping  motor  according  to  the 
present  invention  are  now  discussed.  Components 
identical  or  equivalent  to  those  with  reference  to  the  prior 
art  are  designated  with  the  same  reference  numerals. 
FIGS.  4  to  8  show  a  first  embodiment,  and  FIG.  4  shows 
first  an  outer  rotor  structured  hybrid-type  stepping  mo- 
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tor.  Designated  1  is  a  hollow  fixed  shaft  made  of  a  non- 
magnetic  material,  and  a  bearing  2  mounted  on  the  fixed 
shaft  1  rotatably  supports  a  generally  barrel-shaped  ro- 
tor  4.  The  rotor  4  has,  on  its  inner  and  outer  circumfer- 
ences,  a  plurality  of  teeth  7  as  shown  in  FIG.  5. 

Using  first  and  second  magnets  8a,  8b  constituting 
the  magnet  set  8  on  the  fixed  shaft  1  ,  the  ring-shaped 
first  and  second  inner  stator  yokes  9,  10  are  arranged 
side  by  side  in  the  direction  of  the  shaft  with  the  magnet 
set  8  therebetween  in  a  unitary  body,  and  the  stator 
yokes  9,  1  0  have  axially  centered  circular  coil  slots  20a, 
21a  on  their  circumferences.  The  coil  slots  20a,  21a 
have  a  first  coil  22  and  second  coil  23,  each  wound  in  a 
solenoid-on-bobbin  winding  fashion  (the  coils  22,  23  are 
wound  in  an  automatic  method  using  a  coil  winding  ma- 
chine).  The  first  stator  yoke  9  has,  on  its  circumference, 
first  and  second  N  poles,  N1  and  N2,  between  which  the 
first  coil  22  is  interposed,  and  the  second  stator  yoke  1  0 
has,  on  its  circumference,  first  and  second  S  poles,  S1 
and  S2,  between  which  the  second  coil  23  is  interposed, 
each  of  the  poles  N1  ,  N2,  S1  and  S2  corresponds  to  the 
rotor  teeth  7,  and  the  poles  N1  ,  N2,  S1  ,  and  S2  have  a 
plurality  of  teeth  9a,  10a  having  the  same  pitch  as  that 
of  the  rotor  teeth  7.  As  shown  in  the  explanatory  diagram 
in  FIG.  8,  the  stator  teeth  9a  and  10a  are  formed  so  that 
the  poles  N1  and  N2  are  shifted  off  by  a  1/2  pitch  and 
that  the  poles  S1  and  S2  are  shifted  off  by  a  1/2  pitch, 
and  the  N  poles  N1  and  N2  and  the  S  poles  S1  and  S2 
of  the  stator  teeth  9a  and  10a  are  shifted  off  by  a  1/4 
pitch,  respectively. 

The  fixed  shaft  1  has,  on  its  outer  circumference, 
an  outer  wall  1  A  of  an  L  shape  in  cross  section,  and 
mounted  on  the  outer  wall  1  A  are  first  and  second  stator 
yokes  50,  51  in  the  same  manner  as  the  inner  stator 
yokes  9,  10  are  installed,  and  the  stator  yokes  50,  51 
have,  on  their  inner  circumferences,  third  and  fourth  ax- 
ially  centered  circular  coil  slots  20b,  21b,  third  and  fourth 
coils  24,  25,  and  stator  teeth  9c,  9d,  in  the  same  way  as 
the  inner  stator  yokes  9,  10  have. 

The  operation  of  the  motor  is  now  discussed.  FIG. 
6  shows  the  flows  of  the  fluxes  generated  by  the  first 
and  second  magnets  8A,  8B,  and  FIG.  7  shows  the  flux- 
es  generated  by  the  coils  22  through  25,  wherein  the 
directions  of  the  flows  of  the  fluxes  are  determined  by 
the  directions  of  the  current  flows  in  the  coils  22  through 
25.  In  FIG.  8,  when  an  unshown  driving  circuit  allows 
the  currents  to  flow  through  the  coils  22  through  25  with 
the  magnets  8A,  8B  arranged  therebetween  in  the  di- 
rections  of  A  and  B,  the  rotor  4  under  the  known  mag- 
netic  action  rotates  from  a  state  0  to  state  I.  In  succes- 
sion,  when  the  currents  are  allowed  to  flow  in  the  direc- 
tions  of  A  bar  and  B  bar  opposite  the  directions  of  A  and 
B,  the  rotor  4  rotates  as  shown  in  a  state  II  and  state  III, 
and  then  returns  to  the  state  0,  completing  a  step  rota- 
tion  of  one  pitch  of  the  rotor  teeth  7.  Since  in  the  struc- 
ture  in  FIG.  1,  the  rotor  4  itself  is  thinly  constructed,  it 
has  a  low  inertia,  coil  winding  is  easy,  the  occupation 
rate  of  the  coils  is  increased,  and  double  winding  coils 

double  torque. 
The  coils  22,  23  are  wound  externally  in  a  solenoid- 

on-bobbin  fashion  using  a  coil  winding  machine,  and  in 
case  of  the  coils  24,  25,  the  stator  yokes  50,  51  are  cut 

5  along  the  dotted  lines  and  separated  there  to  fit  the  coils 
24,  25  that  are  wound  around  bobbins  in  a  solenoid  fash- 
ion. 

FIGS.  9  to  1  4  show  a  second  embodiment,  wherein 
the  rotor  4  is  thicker  than  the  rotor  4  in  FIG.  4  and  its 

10  inertia  is  accordingly  larger,  but  torque  irregularity  is  pre- 
vented.  Components  identical  to  those  with  reference  to 
FIGS.  4  through  8  are  designated  with  the  same  refer- 
ence  numerals  in  the  discussion  that  follows.  Arrange- 
ments  are  made  in  the  directions  of  the  current  flows  in 

is  the  coils  22  through  25  so  that  the  coils  22  and  24  are 
opposite  in  their  magnetic  fluxes  and  the  coils  23  and 
25  are  opposite  in  their  magnetic  fluxes  as  shown  in  FIG. 
12.  As  shown  in  FIGS.  13  and  14,  when  the  opposite 
currents  flow  in  the  coils  22,  24,  the  rotor  4  is  at  the  state 

20  0,  and  the  rotor  4  shifts  from  the  state  0  to  state  I  with 
opposite  currents  allowed  in  the  coils  23,  25.  When  the 
coils  22,  24  and  the  coils  23,  25  are  current  driven  in  the 
phases  reverse  to  the  states  0  and  I,  the  rotor  4  shifts 
to  the  state  II  and  then  to  the  state  III,  completing  one 

25  pitch  of  the  teeth.  In  comparison  with  FIGS.  13  and  14, 
in  FIG.  8,  poles  N1  ,  S3,  S2  and  N4  that  are  further  from 
the  magnet  set  8  generate  torque  in  the  state  0  and  I, 
and  the  poles  N2,  S4,  S1  and  N3  that  are  closer  to  the 
magnet  set  8  generate  torque  in  the  states  II  and  III. 

30  Thus,  the  torque  in  the  states  II  and  III  is  slightly  larger 
than  that  in  the  states  0  and  I.  In  the  states  I  through  III 
in  FIGS.  13  and  14,  the  further  poles  and  the  closer 
poles  relative  to  the  magnet  set  8  contribute  to  torque 
generation  in  a  balanced  fashion  (as  shown  in  figures), 

35  and  as  a  result,  driving  with  less  torque  irregularity  is 
achieved. 

Although  in  the  first  and  second  embodiments  with 
reference  to  FIGS.  4  to  14,  the  magnets  8A,  8B  are  ar- 
ranged  perpendicular  to  the  direction  of  the  shaft  of  the 

40  motor,  the  magnets  8A,  8B  may  be  arranged,  in  parallel 
with  the  direction  of  the  shaft  of  the  motor,  between  the 
inner  stator  yokes  9,  10  and  the  fixed  shaft  1  and  be- 
tween  outer  stator  yokes  50,  51  and  the  outer  wall  A1 
of  the  fixed  shaft  1  as  shown  in  FIG.  15.  In  FIG.  15,  com- 

45  ponents  identical  to  those  with  reference  to  previous 
embodiments  are  designated  with  the  same  reference 
numerals,  and  the  operation  of  the  stepping  motor  is 
identical  to  the  above-described  operation  in  principle, 
and  thus  the  description  of  the  operation  is  not  repeated 

so  herein.  In  FIG.  15,  it  is  not  required  that  the  fixed  shaft 
1  is  non-magnetic. 

The  coils  22  -  25  are  wound  in  the  prior  art  solenoid- 
on-bobbin  winding  method,  and  its  type  may  be  bipolar 
winding  or  unipolar  winding,  and  excitation  may  be  per- 

55  formed  not  only  in  a  single  phase  excitation  but  also  in 
two-phase  or  single-two-phase  excitation.  Shifting  in 
pitch  in  each  of  the  teeth  7,  9a,  and  10a  is  a  relative 
value,  and  the  same  operation  is  performed  if  any  teeth 
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are  shifted  relative  to  the  other. 
The  hybrid-type  stepping  motor  thus  constructed 

according  to  the  present  invention  offers  the  following 
advantages.  Since  the  coils  are  wound  on  the  circum- 
ferences  of  the  stator  yokes  in  a  bobbin-winding  fashion,  s 
and  the  bobbin-wound  coils  are  inserted  on  the  other 
stator  yokes,  coil  winding  operation  is  easy,  a  substan- 
tially  lower  cost  is  achieved  for  this  sort  of  the  outer  rotor 
structured  hybrid-stepping  motor,  the  coil  occupation 
rate  is  increased,  and  a  high  torque  design  is  achieved.  10 
Since  the  coils  are  used  in  double  fashion,  the  torque  is 
doubled  accordingly.  Freed  of  the  number  of  phases  and 
poles,  the  entire  circumference  of  the  motor  is  available 
for  magnetic  poles  and  thus  a  large  degree  of  freedom 
in  selecting  the  number  of  teeth  per  revolution  is  al-  15 
lowed. 

Claims 
20 

1  .  A  hybrid-type  stepping  motor  comprising  a  bearing 
mounted  on  a  fixed  shaft,  a  barrel  rotor  rotatably 
supported  by  the  bearing,  a  plurality  of  rotor  teeth 
provided  on  the  outer  circumference  and  inner  cir- 
cumference  of  the  barrel  rotor,  first  and  second  in-  25 
ner  stator  yokes  arranged  side  by  side  in  the  direc- 
tion  of  the  fixed  shaft  with  a  magnet  set  therebe- 
tween  and  first  and  second  outer  stator  yokes  ar- 
ranged  side  by  side  in  the  direction  of  the  fixed  shaft 
with  the  magnet  set  therebetween,  a  plurality  of  sta-  30 
tor  yoke  teeth,  first  to  fourth  axially  centered  circular 
coil  slots  facing  the  barrel  rotor  and  formed  around 
the  outer  circumferences  of  the  first  and  second  in- 
ner  stator  yokes  and  the  inner  circumferences  of  the 
first  and  second  outer  stator  yokes,  and  first  to  35 
fourth  coils  wound  in  a  solenoid  fashion  and  seated 
in  the  respective  coil  slots,  whereby  the  stator  yokes 
alternate  in  polarity  and  the  barrel  rotor  is  inter- 
posed  between  the  coils. 

40 
2.  The  hybrid-type  stepping  motor  according  to  claim 

1  ,  wherein  said  magnet  set  comprises  afirst  magnet 
interposed  between  the  inner  stator  yokes  and  a 
second  magnet  interposed  between  the  outer  stator 
yokes.  45 

3.  The  hybrid-type  stepping  motor  according  to  claim 
1  ,  wherein  said  magnet  set  comprises  afirst  magnet 
interposed  between  the  fixed  shaft  and  the  inner 
stator  yokes  and  a  second  magnet  interposed  be-  so 
tween  the  outer  stator  yokes  and  the  outer  wall  of 
the  fixed  shaft,  whereby  the  magnets  face  to  each 
other  via  the  barrel  rotor. 
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